To determine whether routine use of duodenotomy (DUODX) alters cure rate, survival, or development of liver metastases in 143 patients (162 operations) with Zollinger-Ellison syndrome (ZES) without MEN1. Summary Background Data: DUODX has been shown to increase the detection of duodenal gastrinomas, but it is unknown if it alters rate of cure, liver metastases, or survival. Data from our prospective studies of surgery in ZES allow us to address this issue because DUODX was not performed before 1987, whereas it was routinely done after 1987. Methods: All patients with sporadic ZES (non-MEN1) undergoing surgery for possible cure without a prior DUODX from November 1980 to June 2003 were included. Patients had preoperative computed tomography (CT), magnetic resonance imaging (MRI), or ultrasound; if unclear, angiography and somatostatin receptor scintigraphy since 1994. At surgery, all had the same standard ZES operation and were assessed immediately postoperatively, at 3 to 6 months, and yearly for cure (fasting gastrin, secretin test. and imaging studies). Results: A DUODX was performed in 79 patients (94 operations), and no DUODX was performed in 64 patients (68 operations), with 10 patients having both (no DUODX, then a DUODX later). Gastrinoma was found in 98% with DUODX compared with 76% with no DUODX (P Ͻ 0.00001). Duodenal gastrinomas were found more frequently with DUODX (62% vs. 18%; P Ͻ 0.00001), whereas pancreatic, lymph node, and other primary gastrinomas occurred similarly. Six of the 10 patients with 2 operations had a duodenal tumor found with DUODX during a second operation that was missed in the first operation without DUODX. Both the immediate postoperative cure rate (65% vs. 44%; P ϭ 0.010) and long-term cure rate at last follow-up (8.8 Ϯ 0.4 years; range, 0.1 to 21.5) (52% vs. 26%; P ϭ 0.0012) were significantly greater with a DUODX than without. In patients without pancreatic tumors or liver metastases at surgery, both the rate of developing liver metastases (6% vs. 9.5%) and the disease-related death rate (0% vs. 2%) were low and not significantly different in patients with or without a DUODX. Conclusions: These results demonstrate that routine use of DUODX increases the short-term and long-term cure rate due to the detection of more duodenal gastrinomas. The rate of development of hepatic metastases and/or disease-related mortality in patients without pancreatic tumors is low, and no effect of DUODX on these parameters was seen. Duodenotomy (DUODX) should be routinely performed during all operations for cure of sporadic ZES.
U ntil the late 1980s, despite rapid improvements in preoperative imaging, the long-term cure rate in patients with Zollinger-Ellison syndrome (ZES) remained relatively low (Ͻ25%) in most studies. [1] [2] [3] [4] [5] [6] [7] [8] With the increasing recognition that duodenal gastrinomas were more frequent than the originally reported value of Ͻ15% of all gastrinomas, 4,9 -11 and that they were frequently small (Ͻ1 cm) and missed on preoperative imaging studies, 1, 4, [12] [13] [14] [15] it was proposed that DUODX should be included as a routine component of the surgical exploration. 14 Our prospective studies 1,12,16 -19 and those by others 14, 20 have demonstrated that DUODX can identify small duodenal gastrinomas not localized by other operative methods. These studies 15 demonstrate that many duodenal tumors that are detected by DUODX are frequently missed by preoperative localization studies, including portal venous sampling and secretin angiography, 1, 13, 17, 21 endoscopic ultrasound, 22 intraoperative ultrasonography, 19, 23, 24 and somatostatin receptor scintigraphy. 18 Despite the increased ability of DUODX to localize duodenal gastrinomas, its routine use has been debated. 1, 14, [25] [26] [27] The principle factor lacking in evaluating the potential value of routine use of DUODX is an assessment of its effect on long-term cure rate, prevention of the development of liver metastases and ultimately on survival. No studies address these issues. Our prospective surgical studies allow us to address these issues because DUODX was not performed before 1987, whereas it was routinely performed after 1987. In this study, we report the results of a prospective assessment of the effect of DUODX on cure rate, development of liver metastases, and survival in 143 patients (DUODX, 79 ; no DUODX, 64) undergoing 162 explorations.
METHODS
Since 1980 at the National Institutes of Health and 1997 at the University of California San Francisco, all patients with ZES without MEN1 who were involved in our prospective studies of surgical exploration for cure in patients with ZES described previously 1, 16, 17, 28, 29 were included in this analysis. As of May 2003, 143 patients underwent surgical exploration and were included in this study.
The diagnosis of ZES was based on acid secretory studies, measurement of fasting serum level of gastrin as well as the results of secretin and calcium provocative tests. 30 Basal acid output was determined for each patient using methods described previously. 31 Doses of oral gastric antisecretory drug were determined as described previously. 32 Time from onset of the disease to exploration was determined for all patients. 30, 33 The time of diagnosis of ZES was the time the diagnosis was first established by appropriate laboratory studies or when a physician established the diagnosis on the basis of clinical presentation. 17, 34 The localization and the extent of the gastrinoma were evaluated in all patients as described elsewhere, 1, 18, 28, 35 by using upper gastrointestinal endoscopy and conventional imaging studies (computed tomography ͓CT͔ scan, magnetic resonance imaging ͓MRI͔, transabdominal ultrasound, selective abdominal angiography, and bone scanning). Functional localization of the gastrinoma, measuring gastrin gradients, was performed with the use of portal venous sampling (from January 1980 to April 1992) or hepatic venous sampling after the selective intraarterial injection of secretin (January 1988 to present). 13, 36, 37 Somatostatin receptor scintigraphy was performed since 1994 using ͓ 111 In-DTPA-DPhe 1 ͔-octreotide (6 mCi) with whole body, planar, and SPECT views. 18, 38, 39 All patients referred with a diagnosis of possible ZES underwent an evaluation to establish the diagnosis of ZES 17, 30, 34, 40 and studies to determine the suitability of surgical exploration for cure. 17, 30, 34, 40 These latter studies included tumor localization studies, studies to determine the presence or absence of MEN1, 40, 41 and studies to determine the presence of other disease that might make surgery contraindicated.
Patients underwent a surgical exploration for possible cure if they did not have diffuse liver metastases, MEN1, or a medical contraindication for surgery. 1, 16, 17, 28, 29 Before 1987, an extensive search for gastrinoma was performed using palpation, intraoperative ultrasonography, 1, 23 and an extended Kocher maneuver. 16, 29 In 1987, additional procedures were added for localizing duodenal gastrinomas. 1, 12, 16, 27 These included endoscopic transillumination of the duodenum at surgery 27 and the use of a DUODX. 1, 16, 19 At exploration, an extensive search for endocrine tumors was performed. 16 -18,42 Briefly, palpation was performed first, followed by intraoperative ultrasound with a 10-MHz real-time transducer 1, 17, 23 after the extended Kocher maneuver. Then, since 1987, the endoscopic transillumination of the duodenum was performed, 27 and a 3-cm longitudinal DUODX was centered on the anterolateral surface of the descending (second) duodenum to search for duodenal tumors. 1, 17 Tumors in the pancreatic head were enucleated. Tumors in the pancreatic body and tail were enucleated if possible; otherwise, they were resected. Distal pancreatectomy was not routinely performed and was done only if multiple pancreatic body and/or tail tumors were present that could not be enucleated. 17 If multiple pancreatic head tumors were present that could not be enucleated, a Whipple pancreaticoduodenectomy was performed if the patient had given prior consent. A detailed inspection for peripancreatic, periduodenal, or portal lymph nodes was carried out, and these were routinely removed. 19, 28 A gastrinoma in a lymph node(s) was termed a primary lymph node tumor if the patient was disease-free after resection of a gastrinoma only in a lymph node. 28, 43 If liver metastases were present and localized, they were wedge-resected with a 1-cm margin, if possible; if this was not possible, they were localized and a segmental resection or lobectomy was performed. 44, 45 Postoperatively, patients underwent evaluation for disease-free status immediately after surgery (ie, 2 weeks postresection), within 3 to 6 months postresection, and then yearly. 16 -18,30 Yearly evaluations included conventional imaging studies (CT, ultrasound, MRI, and angiography, if necessary); somatostatin receptor scintigraphy (SRS) since 1994; assessment of disease status (acid secretory studies, fasting gastrin determinations ϫ 3, secretin provocative test); and assessment of endocrine status (parathyroid, pituitary, adrenal function). 16 -18,30 Disease-free was defined as a normal fasting gastrin level, negative secretin test, and no tumor on imaging studies. 16 -18,30 Secretin tests were performed with 2 units of secretin (Ferring Laboratories, Suffern, NY) per kilogram of body weight given by intravenous bolus injection after temporarily discontinuing all antisecretory drugs and serum gastrin was measured at a Ϫ5, 0, ϩ2, ϩ5, ϩ10, and 20 minutes postinjection. 46 An abnormal response was defined as an increase in the serum gastrin postinjection of Ն200 pg/ml above the average preinjection value.
A recurrence was defined as occurring in a patient who was initially disease-free postresection of a gastrinoma but then lost disease-free status on follow-up evaluation by developing an elevated fasting gastrin level (in the presence of pH Ͻ 3), an abnormal secretin test, or positive imaging studies. 30, 47 Patients with recurrent disease or who were not disease-free after the initial operation underwent reoperation if they had imageable disease on conventional localization studies (CT, MRI, ultrasound, angiography) as defined previously. 47 After 1987, a DUODX was routinely performed in patients undergoing a reoperation.
The Fisher exact test and the Mann-Whitney U test were used for two-group comparisons. Tests of features of duodenal gastrinomas were adjusted for multiple comparisons. Tests of the strongly correlated localization studies, gastrinoma site distribution, and total outcome rates were not adjusted but would maintain their individual significance at the P Ͻ 0.05 level. All continuous variables were reported as mean Ϯ SEM. The probabilities of survival were calculated and plotted according to the Kaplan-Meier method and compared using the exact log-rank test. 48
RESULTS
One hundred forty-three patients with sporadic ZES underwent 162 attempted curative resections and were prospectively followed over the 23-year period reported here. Of these, 125 patients had 1 surgical exploration for possible cure, 17 patients had 2, and 1 patient had 3 explorations ( Fig.  1 ). Until 1987 16, 17, 29 no patients had a DUODX, which included 64 patients who underwent 68 explorations. After 1987, a routine DUODX was included in the surgical explo-ration, and 89 patients subsequently underwent 94 surgical explorations with a DUODX (Fig. 1 ). Ten patients underwent first an exploration without DUODX and later underwent re-exploration with a DUODX (Fig. 1 ). During these 162 operations, 70 patients (43%) were found to have duodenal gastrinomas (Fig. 1) .
The 2 different surgical groups of patients with ZES (ie, with or without a DUODX) were similar in clinical and laboratory characteristics (Table 1) . Specifically, both had a mean age of 49 years; a slight male predominance; long disease duration of 8 years from onset to surgery, but a short duration from diagnosis to surgery of 1.5 to 2 years; and similar elevations in basal and maximal acid outputs, fasting gastrin levels, and increase in fasting gastrin post secretin ( Table 1 ). In general, these characteristics are similar to other series of patients with ZES without MEN1. 4, 31, 34 The 2 groups of patients with ZES with or without a DUODX did not differ in the percentage with a positive preoperative conventional imaging study (ie, 70% vs. 60%, respectively) ( Table 2 ). Furthermore, ultrasound was the least sensitive in both groups (14 to 21%), whereas angiography was the most sensitive at detecting a tumor preoperatively (48 to 51%, Table 2 ). MRI and CT were equally sensitive (39%), and CT scan detected a preoperative lesion more frequently in the DUODX group (Table 2) .
Functional localization measuring gastrin gradients was performed using either portal venous sampling (1980 to 1992) or secretin angiography (1988 to present). Because of the later introduction of secretin angiography, it was used primarily in patients before DUODX and portal venous sampling in patients before no DUODX. Secretin angiography more frequently identified a gastrin gradient in the DUODX group of patients (Table 2) .
At exploratory laparotomy, a gastrinoma was more frequently found in patients receiving a DUODX (98% vs. 76%, P Ͻ 0.0001). This increase was entirely due to increased detection of duodenal gastrinomas with the use of DUODX (62% vs. 18%; P Ͻ 0.00001) because the rate of detection of pancreatic primaries (8.5% vs. 18%), lymph node primaries (13% vs. 16%), or primary tumors in other locations (4% vs. 10%) was not significantly different ( Fig.  2 ). Because of the increased detection of duodenal tumors, the percentage of patients with an unknown primary postsurgical exploration was significantly lower in the DUODX group (7% vs. 31%; P ϭ 0.0001). The percentages of patients with or without a DUODX in whom any lymph node metastases were found (60% vs. 44%), only a positive lymph node was found (26% vs. 29%), or liver metastases was found at surgery (8.5% vs. 7%) were not different ( Fig. 2) .
Duodenal gastrinomas were found in 70 patients (Figs. 1 and 2; Table 3 ), including 58 patients after a DUODX and 12 patients after no DUODX ( Table 3 ). Ten of the patients who had both surgical procedures first underwent a surgical , with 90% of the duodenal tumors being Յ 1 cm in diameter detected by DUODX compared with 50% after no DUODX (P ϭ 0.0039 before correction for multiplicity). However, the 2 surgical groups did not differ in the mean number of duodenal tumors found (mean ϭ 1 in both groups) or the distribution of the tumors in the duodenum with more than 50% in D1, followed by D2 (17% to 36%), D3 (7% to 17%), and D4 (0% to 3%) ( Table 3 ). The extent of disease also did not differ between the 2 surgical groups, with approximately one half of the patients (47% to 58%) having a primary only in both groups and the remainder a primary with lymph node metastases alone or with liver metastases (5% to 17%). The average number of positive lymph nodes found was slightly greater in patients without a DUODX (2.4 vs. 1.4); however, there was no difference in the size of the largest positive lymph node found in the 2 surgical groups ( Table 3 ).
In patients undergoing a DUODX the disease-free rate was significantly higher than patients not undergoing a DUODX, both immediately postoperative (65% vs. 44%; P Ͻ 0.010), as well as at the last follow-up evaluation (52% vs. 26%; P ϭ 0.0012), respectively, at a mean of 8.8 Ϯ 0.4 (range, 0.05 to 21.5 years) postresection ( Fig. 3 ). Because the majority of patients without DUODX were operated before 1987 and those with DUODX after 1987, the time from surgery to the last follow-up evaluation differed (10.8 Ϯ 0.7 vs. 7.4 Ϯ 0.4 years). Therefore, the 5-and 10-year postoperative cure rates for each surgical group were calculated from Kaplan-Meier plots, and the cure rates were also significantly better for patients undergoing DUODX ( Fig. 4 ) ͓DUODX vs. no DUODX: 5 years, 52% (95% CI, 41 to 62%) vs. 35% (25 to 47%); 10 years, 50% (40 to 60%) vs. 25% (16 to 37%); P ϭ 0.0029͔. As a proportion of all operations the total relapse rate between the 2 surgical groups did not differ (18% for no DUODX vs. 13% for DUODX; Fig. 3 ); however, in the Kaplan-Meier plot there was a trend toward the nonDUODX group having a higher relapse rate (P ϭ 0.14) ( Fig. 5, top panel) . There was no difference in the rate of developing liver metastases in patients without metastases at the time of surgery between the DUODX or no-DUODX groups, whether calculated from the last follow-up (7.4% vs. 9%) or from the Kaplan Meier plot (Fig. 5, bottom panel) . The disease-related death rate at last follow-up was higher in patients not undergoing DUODX (5.8% vs. 0%; P ϭ 0.029; Fig. 3 ) and also reached significance on the Kaplan-Meier plot (91% vs. 100%; P ϭ 0.019; Fig. 5 , middle panel). Pancreatic gastrinomas have been shown to have a worse prognosis than duodenal tumors, 33, 49, 50 and 20 patients in the present study had a pancreatic gastrinoma. Therefore, both the rate of development of liver metastases and death rate due to ZES at last follow-up were calculated in the 2 surgical groups in patients with duodenal gastrinomas only, and neither rate differed in the 2 groups (Fig. 3 ).
DISCUSSION
Our prospective surgical study of patients with ZES was analyzed in this report to attempt to address the value of performing routine DUODX for a number of reasons. First, recent studies suggest duodenal gastrinomas are much more frequent than previously reported. 4, 15, 17, 25, 51 Whereas it was originally reported that duodenal gastrinomas were less than one fifth as frequent as pancreatic tumors, 4,9 -11 recent studies report they are 3 to 10 times more frequent than pancreatic tumors. 4, 15, 17, 25, 51 Second, duodenal tumors are frequently small (ie, Յ1 cm) and are not detected by conventional preoperative imaging studies or by routine surgical techniques (palpation, intraoperative ultrasound) 1,16 -19,23,25,52 and therefore missed at surgery. Third, even newer localization techniques such as somatostatin receptor scintigraphy (SRS) and endoscopic ultrasound frequently miss duodenal tumors and do not allow preoperative localization. 1, 15, 24, 25 Lastly, despite improvements in localization methods, the ability to control the acid hypersecretion and increased awareness of the anatomic distribution of gastrinomas, the long-term cure rate for sporadic ZES increased to only 20 -30% in most studies. [5] [6] [7] [8] 29, [53] [54] [55] This had led some to propose routine surgical exploration should not be performed on these patients. 55, 56 For the above reasons, it was originally proposed by some authors 1,14 that routine DUODX be performed in all ZES patients at time of exploration. The risks and benefits of routine DUODX have been debated. 1, 14, 19, 26, 27 Our previous prospective surgical studies 1, 16, 19 demonstrate that DUODX could locate duodenal gastrinomas not localized by other nonsurgical and surgical methods. However, follow-up in these studies was too short to determine whether DUODX increased cure rate, altered disease- § Secretin angiography with gastrin gradients (secretin-angiography) or portal venous sampling with gastrin gradients (PVS) were performed in 77 and 2 patients, respectively, before duodenotomy and in 15 and 50 patients before no duodenotomy.
Compared with duodenotomy group: P Ͻ 0.05.
FIGURE 2.
Primary tumor location and extent of metastases in patients with or without a DUODX. Data are expressed per operation with 94 DUODXs (89 patients) and 68 no DUODXs (64 patients). "Lymph node (LN) primary" refers to patients with gastrinomas only in LN(s) who were cured postresection as described in Methods. "Other" refers to primary in liver (n ϭ 4), bile duct (n ϭ 1), pylorus (n ϭ 2), jejunum (n ϭ 1), omentum (n ϭ 1), ovary (n ϭ 1), or heart (n ϭ 1). Duod, duodenal; PAN, pancreas; DUODX, duodenotomy.
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Duodenotomy in ZES related mortality, or affected the rate of development of hepatic metastases, which is the most important prognostic factor for long-term survival in almost all studies. 4, 33, 49, 50 At present there are no reports of a prospective simultaneous comparison of the effect of DUODX on these variables. However, data from our long-term prospective surgical studies allow us to address these questions because DUODX was not routinely performed before 1987, whereas it was after 1987. A number of our results establish that DUODX increases the disease-free rate and supports the conclusion that it is the result of DUODX detecting duodenal gastrinomas in a greater number of patients. First, both the immediately postoperative disease-free rate as well as the long-term disease-free rate were significantly higher (P Ͻ 0.01) in patients undergoing DUODX. The disease-free rate in patients undergoing a DUODX remained above 50% even over a mean follow-up of 7.4 years, whereas the disease-free rate in the patients without a DUODX fell to one half of this during long-term follow-up. Second, this increased long-term dis-ease-free rate with DUODX was almost entirely due to the increased numbers of resected duodenal tumors, as there was an increased immediate disease-free rate in this group and not a difference in relapse rates between patients with or without a DUODX. Although there was a trend (P ϭ 0.14) for disease-free patients post DUODX to have a lower relapse rate with time, this did not reach significance. Third, surgical findings supported the conclusion that the increased diseasefree rate was due to finding additional duodenal tumors. With a DUODX the proportion of patients in whom gastrinomas were found increased 20% such that almost every patient (ie, 98%) had a tumor found. This increase was due entirely to a 3-fold increase in the rate of finding duodenal tumors (62% for DUODX vs. 18% for no DUODX), with no significant change in the percentage of patients having a primary in the pancreas, lymph node, or other locations. Furthermore, there was no difference in the percentage of patients having gastrinoma found in lymph nodes. The increased finding of duodenal gastrinomas with DUODX resulted in a highly significant decrease in the number of patients without a primary tumor found compared with patients without a DUODX (7% vs. 31%; P Ͻ 0.0001).
Our results provide some insights into why DUODX increases the disease-free rate. Not only were duodenal tumors found in more patients with the use of DUODX, an increased proportion of small duodenal tumors (Ͻ1 cm) were found with the use of DUODX. In contrast, no change in the number of duodenal gastrinomas per patient, the distribution of the duodenal gastrinomas or the proportion removed with accompanying lymph node metastases (42 to 53%), was seen between patients with or without a DUODX. Furthermore, this higher proportion of small duodenal tumors found with DUODX was specific for the duodenal tumors because there was no difference in the mean size of the positive lymph nodes found in patients with or without a DUODX. These Annals of Surgery • Volume 239, Number 5, May 2004 Duodenotomy in ZES results suggest that the size of the duodenal gastrinoma rather than its location or multiplicity is one of the primary reasons they are missed when no DUODX is carried out. It could be argued that other differences that occurred because of the sequential nature of our study, with no DUODXs done before 1987 and patients with DUODXs undergoing surgical exploration after 1987, could be affecting the rate of finding duodenal tumors. A number of our findings are against the hypothesis that other factors than the performance of a DUODX affected outcome. First, the clinical and laboratory characteristics of the 2 surgical groups of patients (ie, with or without DUODX) showed no differences, suggesting that differences in disease severity, duration, or other clinical characteristics were not factors in the differences found. Second, neither surgical group contained patients with MEN1 with ZES, who frequently have multiple duodenal tumors with multiple lymph node metastases 17, 20, 40, 57 and are rarely cured; therefore, their inclusion could influence the results. Third, there was no difference in the percentage of patients in the 2 surgical groups who had preoperative localization of a tumor by at least 1 conventional imaging study (ie, ultrasound, CT, MRI, or angiography). Fourth, the percentage of patients who had a positive gastrin gradient was higher in the DUODX group (92% vs. 76%) because of the increased use of secretin angiography rather than portal venous sampling after 1987, which has greater sensitivity. 13 This however, is unlikely to be an important factor, because gastrin gradients only give regional localization to a given area (ie, pancreatic head/duodenal area) and do not specifically help identify the tumor as being in the duodenum. 36 Fifth, somatostatin receptor scintigraphy was only begun in 1994 at the NIH and, therefore, it was used almost entirely in the DUODX group. However, only 52% of the DUODX patients underwent SRS and more importantly, a recent study 18 shows that SRS does not alter the cure rate in patients with gastrinomas. Lastly, it could be argued the difference in follow-up times (DUODX, 7.4 years; no DUODX, 10.8 years) influenced the conclusion. This is not the case because both the immediate postoperative diseasefree rate as well as the 5-and 10-year postoperative diseasefree rates calculated from Kaplan-Meier plots were significantly higher in patients undergoing a DUODX.
Our study demonstrates no difference in the rate of development of liver metastases in patients with or without a DUODX. A number of studies 33, 49, 58, 59 have reported that duodenal gastrinomas are much less aggressive than pancreatic primaries and infrequently develop liver metastases. Our data support this conclusion because only 3% of the patients with duodenal tumors had liver metastases at surgery and during a follow-up period of a mean of 9 years only 10% (4/44 patients) of patients with duodenal tumors who were not cured long-term developed liver metastases. Therefore, with this low rate of aggressive disease, even longer fol-low-up periods will be needed to assess the effect of DUODX on the development of liver metastases.
For all patients, our data suggested a possible positive effect of DUODX on disease-related survival. Disease-related survival determined from the Kaplan-Meier plot also showed an increased survival in patients after DUODX (10 years, 100% vs. 90%; P ϭ 0.0029). However, when patients with pancreatic tumors were excluded, the disease-related survival was not different in the 2 operative groups. Only longer follow-up times will resolve whether DUODX specifically affects overall survival in patients with only duodenal tumors.
In conclusion, this study demonstrates that routine use of DUODX in patients with sporadic ZES increases the immediate and long-term disease-free (cure) rate. Our results are consistent with the conclusion that this increase in disease-free rate is due to increased detection of duodenal gastrinomas at surgery. This increased detection is due to detecting small duodenal gastrinomas, not by detecting more duodenal gastrinomas per patient, or detection of gastrinomas in other duodenal locations. DUODX did not affect the rate of development of liver metastases or disease-related mortality in patients with only duodenal tumors, perhaps because of the nonaggressive growth pattern of most duodenal gastrinomas. These results support the recommendation that DUODX should be routinely performed in patients with sporadic ZES (ie, no MEN1) undergoing surgery.
Discussions
DR. JON A. VAN DR. JEFFREY A. NORTON (Stanford, California): In response to Dr. van Heerden, we have done studies with endoscopic ultrasound, and it hasn't helped our ability to detect duodenal gastrinomas. I think the problem with ultrasound in the duodenum is the mixed background, in that there is solid, liquid, and gas, so that even when the duodenum is distended, the gastrinoma is not visible. And as you mentioned, gastrinomas are very small in size. Ninety percent are less than 1 centimeter and some are 2 to 4 millimeters. So these tumors are very difficult to detect. And when you do a duodenotomy, as you know, the tumor feels like a little BB on your finger. I think that the complications question is important. The area where we had the most difficulty is the medial wall of the duodenum. It may be difficult to distinguish accessory pancreatic ducts and ampulla from a duodenal tumor from it. We commonly catheterize the common bile duct to help identify it, and we administer secretin IV during surgery to identify an accessory pancreatic duct. The complication rate we have had is very low. We have had no duodenal stenoses because we try to close it in a transverse direction. But occasionally we can't. Even in that setting, it didn't stricture. We did have one woman who had a duodenal fistula and a prolonged septic course, but eventually she completely recovered. If there are no duodenal gastrinomas found, I think that lymph node sampling is critical. During all these operations one should carefully remove as many lymph nodes as possible, because small lymph node metastases occur.
One year ago at this meeting we described lymph node primary gastrinomas. Therefore, we know that these tumors occur 10% of the time. In MEN 1 the gastrinomas are still most commonly within the duodenum, and they are usually multiple. So in those patients it is even more difficult to cure them. We have had a very low cure rate in MEN 1 patients. I think that if they have multiple large tumors one could consider doing a Whipple pancreaticoduodenectomy. In MEN 1 patients this is controversial because the prognosis is good and the long-term survival is excellent.
In response to Dr. Perry's and Dr. Holman's question, the disease recurrence site for duodenal gastrinomas is in lymph nodes. Duodenal tumors do not usually metastasize to the liver. If we miss duodenal tumors and patients develop recurrent disease, it is within lymph nodes. And the confusing aspect is that sometimes you can remove what appears to be a pancreatic tumor and it is actually a lymph node within the pancreas. It has happened to me before. I have removed a tumor within the pancreas and the pathologists say it is really a lymph node. Then we open the duodenum and we find the primary tumor. So it appears that sometimes when we remove a pancreatic tumor, it is really a lymph node within the pancreas. So it is still important to open the duodenum.
